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COPD is progressive disease

FEV, (% of value at age 25 years)

100 -

79 1

o0 +

25 -

.~

Smoked regularly
and susceptible
to effects of
smoke

Never smoked or
not susceptible to smoke

~

Stopped smoking at
45 years of age
(moderate COPD)

_/é

Stopped smoking at
65 years of age
» (severe COPD)

50

Age (years)

75

Adapted with permission from Fletcher C, Peto R. The natural history of chronic airflow

obstruction. Br Med J. 1977;1(6077):1645-1648
Yawn et al. Int J Chron Obstruct Pulmon Dis. 2021:16 289-299



Natural course of COPD
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Variable prognosis in COPD

= COPD is a heterogeneous

disorder with large variations.

= Exacerbations become more
frequent and more severe as

COPD progress.

= But, the prognosis of COPD
IS highly variable between

patients.

Year 1
[ Patients witl h no exacerl bation
[ Patients witl h 1 exacer bation
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COPD is more than just a lung disorder

Chronic inflammation

Pulmonary pathologies:

Emphysema

Progressive airflow

Airway/vascular remodelling
Mucus hypersecretion

limitation

Self-perpetuating oxidants

wa J

Cardiovascular disease:
Ischemic heart disease
Vascular thrombosis
Hypertension
Pulmonary hypertension

| ——

— —— '
. £
Systemic inflammation ;
Cytokines: IL-6, IL-1B, IFNa, TNF-a, »

Acute phase proteins: CRP, SAA -
g | :

[)

Heart failure

P

Metabolic_abnormalities:

/_’ Obesity
<—/

Other extra-pulmonary comorbidities: High blood pressure

Insulin resistance

Skeletal muscle wasting
Loss of bone density
Obstructive sleep apnoea

Fasting hyperglycemia
Atherogenic-dyslipidemia

Fatty liver

Depression and anxiety disorder
Abnormal appetite

Chan et al. Pharmacol Ther. 2019;198:160-188.
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Goals for COPD management

Goals for treatment of stable COPD

v Relieve symptoms v" Prevent disease progression
v Improve exercise tolerance And v" Prevent and treat exacerbation
v' Improve health status v' Reduce mortality

Reduce symptoms Reduce risk

GOLD 2021



Risk of exacerbation

2138 in ECLIPSE study
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Table 3. Factors Associated with Increased Exacerbation Frequency in the Stepwise Multivariate Model.*

P Value for
Factor Number of Exacerbations Overall Model
=vs. 0 lvs. 0 =2vs. 1
odds ratio odds ratio odds ratio
(95% CI) Pualldz (95% Cl) P value (95% Cl) Pualldz
Exacerbation during previous yr —  5.72 (4.47-7.31) =0.001 2.24 (1.77-2.84) <0.001 2.55 (1.96-3.31) <0.001 =0.001
any vs. none
FEV, — per 100-ml decrease 1.11(1.08-1.14) <0.001 1.06 (L03-1.08) <0.001  1.05 (1.02-1.08) <0.001 <0.001
SGRQ score for COPD — per 1.07 (1.04-1.10) =0.001 1.01 (0.99-1.04) 0.38 1.06 (1.03-1.09) <0.001 <0.001
increase of 4 points
History of reflux or heartburn — 2.07 (1.58-2.72) <0.001 1.61 (1.23-2.10) <0.001 1.29 (0.97-1.70) <0.005 <0.001
Yes vs. no
White-cell count — per increase 1.08 (1.03-1.14)  0.002 1.02 (0.97-1.08) 0.45 1.06 (1.01-1.12) <0.001 0.007

of 1x10*/mm?

Exacerbation rates in the first year, per person

0.85 1.34

2.00

» Previous exacerbation is the single best predictor

of exacerbations, across all GOLD stages

Hurst JR. N Eng J Med. 2010; 363(12):1128-38




Exacerbation and lung function loss

« COPDGene
« change in lung function over 5 years

» Exacerbation event data collected at 6 month intervals

Table 3. Effect of Each Exacerbation/Acute Respiratory Event on Rate of FEV4 Decline

Change in FEV; (ml/yr) (95% CI)

Exacerbations/Acute Respiratory Events of Any Severity

Severe Exacerbations/Acute Respiratory Events

Subject Change in Those Excess Change, per Change in Those with Excess Change, per

Group with No Exacerbations Exacerbation of Any Severity No Severe Exacerbations Severe Exacerbation
PRISm 5 (—4 to 14) —6(—15to 4) 5 (-4 to 14) —17 (—37 to 2)
GOLD 0O -9 (—-13 to —4) —7 (=15 t0 2 —9(-14 to —5)
GOLD 1 —25 (—34 to —15) —-23 (—44 to —-2) —26 (—35 to —16) —87 (=151 to —23)
GOLD 2 —19 (=26 to —11) —10 (—20 to —1) —21(—28 to —14) —20 (—40to 1)
GOLD 3 -8 (—17 to 0) -8 (—15t0 —1) —10 (—18 to —3) —20 (—36 to —4)
GOLD 4 —4 (—16 to 8) U(—9 10 8) —2 (—13 to 8) —9(—29 10 17)

» Exacerbations are associated with accelerated lung function loss in COPD,

particularly those with mild disease

» No significant FEV1 decline in GOLD stage 4 : possible survivor bias

Dransfield MT, et al. Am J Respir Crit Care Med. 2017;195(3):324-330.



Effect of exacerbation on survival

« Meta-analysis based on 6 studies

15

Case
fatality

Critical
phase

Survival

Stable
phase

Time

FIGURE 1. Sunival curve after hospitalisation for an exacerbation of chronic
obstructive pulmonary disease.

---: the extrapolated curve during the stable
phase.

= Case-fatality rate of 15.6%, ranging from

11.4% to 19% for the individual studies.

= Severe COPD exacerbation not only results

in higher mortality risks during hospitalization,

but also in the time-period after discharge

and contributes substantially to total COPD

mortality.

M. Hoogendoorn et al. Eur Respir J 2011;37(3):508-15.



Exacerbation increase the risk of further exacerbation
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Figure 4 Hazard function of a subsequent hospitalised chronic
obstructive pulmonary disease exacerbation (per 10 000 per day) in the
1-year period after discharge from the previous one.

Suissa S et al. Thorax. 2012;67(11):957-63.



Probability of surviving

Freguent exacerbation & increased mortality
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Impact of exacerbation on lung cancer

COPDGene study
169 subjects diagnosed with lung cancer

average follow-up of 5.7 years

NSCLC (n=98, adenoca (62%) > SqCC (17%)), SCLC (n=18)

Association between SCLC histology and exacerbation
« Exacerbation : OR 3.57 (95% Cl 1.47 — 10)
* Frequent exacerbations : OR, 4.0 (95% CI 1.58 - 10.75)
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Carr LL, etal. CHEST 2018; 153(6):1326-1335



Effect of exacerbation on health care utilization

« Data from US national health plan during Jan 1, 2007 to Dec 31, 2012, aged 40-89 years, N=52,459 patients
+ 26.3% had one, 9.5% had two, and 8.5% had =three exacerbations in the 24-month follow-up period
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Figure 2 COPD-related health care costs by exacerbation frequency.

Note: *Statistically significant (P<<0.001) trend.
Abbreviation: USD, United States dollar.
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Dhamane AD, et al. Int J Chron Obstruct Pulmon Dis. 2015:10 2609-2618



FEV1 decline

« Copenhagen City Heart Study : FEV1 change for 18 years

Declinein FEV, | pvalue  pvaluve p value p value
in mL per year
Healthy never-smokers 20-9(1-2) Reference 0-15 <0-0001 019
Ever-smokers without asthma or 207 (1-4) 0-88 013 <0-0001 017
COPD
Asthma 25-6(33) 0-15 Reference 0.0003 077
COPD 39-5(2.5) <0-0001 0-0003 Reference 0-02
ACO with early asthma onset 27-3(50) 019 077 002 Reference
ACO with late asthma onset 49-6 (3-0) <0-.0001  <0-0001 0-003 0-0001
Male sex (reference: female sex) 4-8 (1-2) <0-0001
Age (years) 0-6(01) <0-0001
Height (cm) 0-4(01) <0-0001
Smoking (reference: non-smokers)
Quitters 2.3(1-8) 022
Current smokers 8-0(11) <0-0001
BMI (kg/m’; reference: changes of <p kg/m’)
Decrease >3 kg/m’ -10-8(2.7) 0-0001
Increase >3 kg/m* 11-3(1.5) <0-0001

Table 3: Decline in FEV, according to different types of airway disease

= 6 subgroups (n=8382)

healthy never-smoker (n=2199)

ever-smoker (n=5435)

asthma with low smoking exposure & no AFL (n=158)
COPD (n=320)

ACO with early onset asthma (n=68)

ACO with late-onset asthma (n=202)

= Multivariable-adjusted decline in FEV1 in COPD

IS much faster than healthy, asthma, ACO with

early asthma onset

Lange P et al. Lancet Respir Med 2016; 4: 454-62



FEV1 decline & exacerbation risk

« 2,138 COPD patients in ECLIPSE cohort
* 670 (31%) had a total of 1,452 severe COPD exacerbations

TABLE 3 | Baseline Risk Factors of Hospitalized

TABLE 2 | Baseline Risk Factors of Hospitalized Exacerbation in Patients With COPD
Exacerbation During Follow-up Without a History of Hospitalized

Parameters HR HR (95% (1) D Value Exacerbation 12 Mo Prior to the Study
COPD hospitalization, | 2.71 | (2.24, 3.29) | <.001 Parameter HR HR(95% CI) | PValue

prior 12 mo SGRQ total score, 1.08 | (1.05, 1.11) | <.001
SGRQ total score, 1.08 | (1.06, 1.10) | =<.001 per 4-point increase

per 4-point increase FEV, % predicted, 1.11 | (1.07, 1.15) | <.001
FEV, % predicted, 1.12 | (1.09, 1.16) | =<.001 per 5% drop

per 5% drop Has emphysema, 1.71 | (1.28, 2.26) | <=.001
Age, per 10-y 1.29 | (1.13,1.46) | <.001 = 5% by radiology

increment Oxygen use at baseline | 1.75 | (1.30, 2.35) | <.001
Has emphysema, 1.56 | (1.23,1.97) | <.001 History of asthma 1.45 | (1.17, 1.79) | <.001

= 5% by radiology .

Age, per 10-y increment | 1.24 | (1.07, 1.44) .005

WEBC count, 1.15 | (1.07, 1.24) | <.001 ,

per 1 x 10%/L Fibrinogen, per 1 log SD | 1.15 (1.04, 1.28) .008

See Table 1 and 2 legends for expansion of abbreviations.
sModel was also adjusted for sex and smoking status at baseline (both
nonsignificant). Ordered by strength of association.

HR = hazard ratio. See Table 1 legend for expansion of other abbreviations.
aModel was also adjusted for sex and smoking status at baseline (both
nonsignificant). Ordered by strength of association.

Mullerova H, et al. Chest. 2015;147(4):999-1007.



Severity of AFL & mortality

« 15,632 patients from 22 COPD cohorts, mortality within 10 years
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Figure4: Spline of the HR of death to identify spirometry thresholds of severity
n=15632. 100% predicted FEV, is taken as the reference point (hazard ratio
[HR]=1). FEV =forced expiratory volumein1s.

However, FEV1 by itself lacks sufficient precision to be used clinically as a predictor of

exacerbation or mortality in patients with COPD

Soriano JB, et al. Lancet Respir Med. 2015;3(6):443-50.



Pneumoniain COPD

= Risk of CAP is higher in COPD patients than in the general population, particularly in aged
over 65 years with severe COPD

- 8% (3,149 of 40,414 COPD patients) experienced pneumonia, IR 22.4 per 1000 person years

- OR for CAP occurrence 1.28 and 1.86 in patients aged over 65 and 80 years
Mullerova H et al. Respir Med 2012; 106(8):1124-1133.

= 19% of CAP patients had COPD & 10% of CAP patients led to the new diagnosis of COPD

- longer hospital stay, increased ICU admission, and mortality

Pifarre et al. Respir Med. 2007;101(10):2139-44.



Risk of hospital admission

Copenhagen City Heart Study : hospital admission for exacerbation or pneumonia for 22 years

Participants (n) Acute hospital admission for COPD and asthma

Acute hospital admission for pneumonia

Events (n[%]) Hazard ratio (95% CI)* pvalue

Events (n[%]) Hazard ratio (95% Cl)* pvalue

Adjusted for age and sex
Never-smokers without disease
Ever-smokers without disease
Asthma

COPD

ACO with early asthma onset
ACO with late asthma onset
Adjusted for age, sex, BMI,
and FEV, % of predicted value
Never-smokers without disease
Ever-smokers without disease
Asthma

COPD

ACO with early asthma onset
ACO with late asthma onset
Adjusted for age, sex, BMI,
and pack-years

COPD

ACO with early asthma onset
ACO with late asthma onset

8382
2199
5435
158
320
68
202
8367

2199
5435
143
320
68
202
581

320
67
194

929 (15%)
62 (4%)
511 (14%)
46 (35%)
123 (70%)
34 (58%)
153 (94%)
922 (15%)

62 (4%)
511 (14%)

39 (32%)
123 (70%)

34 (58%)
153 (94%)
306 (75%)

123 (70%)
34 (59%)
149 (94%)

1-00 (reference)

3-93(3-02-513)
14-74 (10-06-21-59)
23-80 (17-43-32-50)
39-48 (25-93-60-11)
8347 (61-67-112.98)

1-00 (reference)
3-40 (2-61-4-43)
8-29 (5:52-12-44)
7-75 (5-56-10-82)
9-00 (5-75-14-10)
1474 (10-40-20-91)

1-00 (reference)
1.90(126-2-87)
352 (2-74-4-54)

=0-0001
=0-0001
=0-0001
=0-0001
=0-0001

=0-0001
=0-0001
=0-0001
<0-0001
=0-0001

0-002

=0-0001 .

1687 (27%)

333(19%)

HBH 1076 (27%)
33 (25%)
HOH 127 (70%)
22 (49%)

HBH 96 (81%)
1684 (27%)

333(19%)

HEH 1076 (27%)
30 (24%)
127 (70%)
22 (49%)
96 (81%)
243 (70%)

o

vy

o
O

127 (70%)
22 (50%)
HH 94 (82%)

1

|
2

1 1
5 10 50 100

Hazard ratio

1-00 (reference)

150 (1-32-1-69)
2-00 (1-40-2-86)
3-67 (2:98-4-53)
356 (2-31-5-49)
639 (5-07-8-05)

1-00 (reference)

137 (1-21-1.56)
1.54 (1-06-2-25)
1.94(1-54-2-44)
158 (1-01-2-48)
2-43 (1-86-318)

1.00 (reference)
1.27 (0-79-2-06)
178 (134-2-36)

=0-0001

0-0002
=0-0001
=0-0001
=0-0001

=0-0001
0-02

=0-0001
0-04

=0-0001

0-32
=0-0001

———

8

| I E—
1 2 5 10

Hazard ratio

Figure 3: Risk of acute hospital admissions due to COPD and asthma and due to pneumonia in the six subgroups defined by smoking and presence of airway disease
The x-axis is a log scale. Percentages are Kaplan-Meier estimates. COPD=chronic obstructive pulmonary disease. ACO=asthma-COPD overlap. BMI=body-mass index. FEV,=forced expiratory volume in
1s. *Estimated with Cox regression.

Lange P et al. Lancet Respir Med 2016; 4: 454-62




Pathogenesis of COPD and pneumonia

= COPD itself

v impaired lung defence (e.g. reduced mucociliary clearance, disruption of epithelial barrier and reduced repair)
v inflammation : mediators involved in both COPD and pneumonia such as IL-1, IL-6, IL-8, MMP-8, MMP-9

v' Immune system : activated CD8+ cytotoxic T cells

v" increased tracheobronchial microbial colonization

v' al-antitrypsin deficiency

» Shared risk factors : age, smoking

= |CS use

v Suppression of the cellular and humoral arms of immunity (e.g. decreased phagocytosis and production of NO

by alveolar macrophages)

Gautam SS et al. COPD. 2016;13(6):790-798.



Is COPD associated with increased risk of pneumonia &

morbidity/mortality ?

Meta-analysis of 11 studies involving 257,958 patients

Randon

CAP+COPD Risk Ratio

i

Risk Ratio

1.1.1 cohort studies

Crisafulli et al. 2013 4 117 12 250  4.6% 0.71[0.23, 2.16] W
Gomez-Junyent et al. 2014” 72 983 241 3138 19.1% 0.95 [0.74, 1.23] -
Liapikou et al. 2012% 9 212 81 1167 9.3% 0.61[0.31, 1.20] S
Molinos et al. 2009 21 244 16 466  10.0% 251[1.33,4.71] =
Pifarre et al. 2007 % 17 132 45 575 12.2% 1.65[0.97, 2.78] B
Rello et al. 2006 53 176 54 252 17.1% 1.41[1.01, 1.95] e
Restrepo et al. 2006 23 215 46 529 13.3% 1.23[0.77, 1.98] & i
Ruiz de Ona et al. 2003* 8 43 9 86 6.6% 1.78[0.74, 4.28] 1=
Snijders et al. 2010 8 95 20 167 7.7% 0.70 [0.32, 1.53] —x
Subtotal (95% Cl) 2217 6630 100.0% 1.20 [0.92, 1.56] »
Total events 215 524

Heterogeneity: Tau? = 0.08; Chiz = 17.94, df = 8 (P = 0.02); = 55%
Test for overall effect: Z = 1.32 (P = 0.19)

1.1.2 case-control studies

Dusemund et al. 2014™ 990 17075 1144 17075 42.9% 0.87 [0.80, 0.94] ;
Ewig et al. 2009* 3700 36561 23102 178400 57.1% 0.78 [0.76, 0.81]

Subtotal (95% CI) 53636 195475 100.0% 0.82 [0.74, 0.90] ¢
Total events 4690 24246

Heterogeneity: Tau? = 0.00; Chi* = 5.08, df = 1 (P = 0.02); I = 80%
Test for overall effect: Z = 4.02 (P < 0.0001)

001 0.1 1 10 100
COPD lower mortality COPD higher mortality

Figure 2 Forest plot for mortality in patients with CAP + COPD and CAP only in cohort studies and case-control studies. (Jl The risk
ratio for each study, (—) confidence interval, (4*) pooled result for all cohort studies and case—control studies. CAP, community-
acquired pneumonia; Cl, confidence interval; COPD, chronic obstructive pulmonary disease; df, degrees of freedom; M-H, Mantel-
Haenszel method.

Jiang HL et al. Respirology (2015) 20, 1046-1054

Meta-analysis of 55 studies involving 16,154 patients
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Test for overall effect: Z=5.29(P<0.0001)
Total (95% CI) 3139 3096 + 100% 1.56[1.3,1.86]

Favours|CS 0.1 0.1 1 10 100 Favours placebo

> Intra-class difference

» dosage

Yang IA. Cochrane Database Syst Rev. 2012;(7):CD002991.



Risk of pneumonia with different ICS

Meta-analysis of 18 RCTs (n=49,828)

Study
D

Fluticasone Propionate

Ohar (2014)

Calveriey (2007)

Ferguson (2008)

Rossi (2014)

Papi (2017)

Wedzicha (2017)

Subtotal (l-squared = 0.0%, p = 0.940)

Fluticasone Furoate
Crim (2017)

Crim (2015)

Siler (2017)

Zheng (201S)
Lipson (2018)

Subtotal (l-sguared = 452% p=0121)

'

——
-

+

+ﬂL; to] 1

o]

RR (95% CI)

1.35 (0.60, 3.02)
1.76 (1.42,2.19)
1.90 (1.04, 3.49)

5.09 (0.25, 105.49)

1.99 (0.82, 4.81)
2.14 (0.99, 4.60)
1.79 (1.49, 2.16)

1.23 (1.08, 1.40)
1.91 (1.28, 2.86)
1.01 (0.36, 2.87)
1.54 (0.78, 3.05)
1.57 (1.27, 1.93)

137 (1.23 1.52)

FP >FF/salmeterol >

Weight

1.14
1420
1.76
0.06
094
1.07
1917

4387
470
0.81
1.51
18.03

£8.92

BUD/Formoterol = BDP/Formoterol

Sharafkhaneh (2012)

Rennard (2009)

Tashkin (2008)

Ferguson (2018)

Subtotal (-squared = 47.8%, p = 0.105)

Beclomethasone

Papi (2018)

Wedzicha (2014)

Subtotal (l-squared = 45.5%, p = 0.176)

Overall (lsquared = 39.6%, p = 0.043)

‘_‘.._l -

L

2.02 (1.06, 3.87)
0.74 (0.47, 1.18)
2.05 (0.25, 16.92)
1.18 (0.55, 2.54)
1.07 (0.78, 1.47)

1.06 (0.55, 2.05)
207 (1.02, 4.22)
1.46 (0.91,2.35)

1.43 (1.31, 1.56)

1.7
468
017
1.40
866

1.97
128
325

100.00

I
.00948

1 105

Figure 5. Subgroup analysis of the risk of pneumonia with the use of different types of ICS.

Study %
D RR (95% Cl) Weight
200 f
Crim (2015) —_— 205(131,322) 462
Zheng (2015) - 1.30(0.50, 3.41) 1.20
Subtotal (I-squared = 0.0%, p = 0.400) O 1.90(1.27,2.85) 5582
100 :
Crim (2017) —_— 111(092,132) 3684
Cnm (2015) S 192(1.21,303) 461
Siler (2017) - 1.01(0.36,287) 120
Zheng (2015) — > 158(0.63,3.98) 1.20
Lipson (2018) ———— 163(1.31,203) 2226
Lipson (2018) _— 151(1.21,1.88) 2223
Subtotal (l-squared = 54.9%, p = 0.050) <> 1.39(1.24, 1.55) 88.34
50
Crim (2015) _ 177 (1.12,2.81)  4.65
Zheng (2015) - 0.87 (0.30,253) 1.20
Subtotal (I-squared = 31.0%, p = 0.229) -t 159(1.04,242) 584
Overall (l-squared = 42.7%, p = 0.073) <> 143(1.29,1.59)  100.00
T . T
251 1 3.98

Figure 7. Subgroup analysis of the risk of pneumonia between high, medium and low dose of fluticasone furoate.

Zhagn et al. COPD. 2020;17(4):462-469.



Initial pharmacological treatment

Exacerbation C 1 P N
' |
history : D LAMA or
I LAMA + LABA * or
22orz21
leading to { LAMA } : L ICS+LABA** )
hospital L :
admission I * Consider if highly symptomatic (CAT>20)
| ** Consider if eos 2300 or history of asthma
——————————————— I———————————————
A ' B
|
|
(not ?oolréiding Bronchodilator I A long-acting bronchodilator
to hospital (short or long acting) | (LABA or LAMA)
admission) |
|
mMMRC 0-1 MMRC 2 2

CAT < 10 Symptoms CAT 210

GOLD 2021



Pneumoniarisk : Triple vs ICS/LABA vs LABA/LAMA

Inclusion : age=40, CAT =210 and either
- FEV,<50% pred & = 1 mod or sev AE
- FEV, 50-80% pred & 22 mod or 21 sev AE
» Mean CAT score: 20.1+ 6.1

* Single Ellipta inhaler, DPI, 52wks, N=10,355

IMPACT trial

* FF/VI/UMEC 100/25/62.5 pg vs FF/VI vs VIIUMEC (n=4151 vs 4134 vs 2070)

* Primary endpoint; moderate to severe AE

Table 3. Adverse Events of Special Interest in the Intention-to-Treat Population.*

Triple Therapy Fluticasone Furoate-Vilanterol
Event (N=4151) (N=4134)
Rate per 1000 Rate per 1000
Mo. of Patient-Yr (Mo. Mo. of Patient-Yr (No.
Patients (%) of Events) Patients (%) of Events)
Prneumonia 317 (8) 95.8 (356) 292 (7) 96.6 (334)

Umeclidinium=Vilanterol

(N=2070)
Rate per 1000
Mo. of Patient-Yr (No.
Patients (34) of Events)
97 (5) 61.2 (104)

ARI 2.67%

NNH 37.5

Lipson DA et al. N Engl J med 2018;378:1671-80.



Lung cancer and COPD

SRS AR Lung Cancer
g 409,000)

* RR for lung cancer
v Previous history of COPD : RR of 2.22 (95% ClI, 1.66-2.97) from 16 studies
v’ chronic bronchitis: RR of 1.52 (95% CI, 1.25-1.84) from 23 studies

v Emphysema : RR of 2.04 (95% ClI, 1.72-2.41) from 20 studies

= RR for combined disease of 1.80 (95% CI, 1.60-2.11) from 39 studies

» |CES-derived public healthcare data (2002-2014) of 105, 304 subjects diagnosed with lung cancer
v’ Spirometry was taken in 90.6% in stage I-ll vs 54.4% in stage IlI-IV lung cancer
v’ previous COPD diagnosed in 34.9%

=>» over 1/3 of individuals with lung cancer had a prior diagnosis of COPD.

Lambert AA, et al. Chronic Obstr Pulm Dis. 2016;3(1):459-465.
Brenner DR et al. PLoS One. 2011;6(3):e17479.
Corriveau et al. BMC Cancer (2021) 21(1):14



Pathogenetic links between COPD and lung cancer

Healthy lung COPD lung

CHRONIC INFLAMMATION

EMT, CAFs

Lung cancer

Genetic susceptibility
(e.g. SERPINA, HHIP, FAM13A, CHRNAZ3,5)
Epigenetic change (e.g. RASSF1A, MGMT, CDKNZ2A, RB1)

Cell cycle regulation

=  Chronic inflammation
=  Oxidative stress

= Epithelial-mesenchymal transition (EMT)

» Telomere shortening

Szalontai K et al. J. Clin. Med. 2021, 10(13), 2889
Houghton AM. et al. Nat Rev Cancer. 2013;13(4):233-45.



Lung cancer risk

« 13,939 current-or former smokers aged from 55-74years from the National Lung Cancer Screening Trial (NLST)

Table 2. Adjusted risk of lung cancer according to study group

Smokers with
Smokers with Normal
Characteristic ACO COPD Asthma GOLD U Spirometry
Mumber of subjects 208 4 428 281 2547 6,447
Mumber of lung 16 305 3 117 163
cancers
s 1 208 25 A3 1 708 15 214 30 {05
Lung cancer rate, 13.2 (8.1-21.5) 11.7 (10.5-13.1) 1.8 (0.6-5.4) 7.7 (6.4-9.2) 4.1(3.5-4.8)
per 1,000 person-
ars
Unadjusted IRR 1.14 (0.69-1.88) 758 (221-26.02) 172 (1.03-2.92) 3.23 (1.93-5.40)
(95% Cl) IRR of ACO
Ad{'gg?d&ﬁtﬁﬂ compared with 121 (0.69-2.12) 5.07 (144-1783) 163 (0.91-292) 2.68 (1.52—4.74)

Definition of abbrevialions: ACO = asthma-COPD overlap; Cl=confidence inlerval; COPD = chronic obstructive pulmonary disease; GOLD-
U=Global Initiative for Chronic Obstructive Lung Disease-Unclassilied; IRR = incidence rate ratio.

*Adjusted for randomization group, age, sex, racefethnicity, marital status, education, lung cancer family history, history of asbeslos exposure,
body mass index, current versus former smoker status, and pack-years smoked.

Charokopos AS, et al. Ann Am Thorac Soc. 2021;18(11):1894-1900.



Lung cancer incidence in never smoker COPD

« National Health Insurance Service (NHIS) Cohort, 338,548 subjects, 40-84 years of age
* Median 7 years follow-up

» 1,834 subjects developed lung cancer : 1544 in non COPD (incidence rate 0.47 per 1000 person-years), 290 in
COPD (incidence rate 4.9 per 1000 person-years) = aHR 3.12 (2.66-3.65)

204
Never smokers without COPD

: Never smotors with COPD. Incidence for lung cancer Incidence rate aHR (95% Cl)
E Ever smokers with COPD (per 1’000 person_
2 15 years)
"E Never smoker, non-COPD 0.5 Reference
5w Never smoker, COPD 3.0 2.67 (2.09 - 3.40)
% Ever smoker, non-COPD 1.2 1.97 (1.75 - 2.21)
£ ] Ever smoker, COPD 9.5 6.19 (5.04 - 7.61)
g
o

T T T 1
40 50 &0 To 80 90

Age (years)

Figure 1 Cumulative incidence function for lung cancer by chronic obstructive pulmonary disease (COPD) and smoking status. COPD was
considered as a time-varying exposure. Unexposed person-time was contributed by participants who did not develop COPD and by participants who
developed lung cancer before COPD development. Cumulative incidence functions take into account competing risks from all-cause mortality.

Park HY, et al. Thorax 2020;75:506-509.



Features of COPD as predictors of lung cancer

Over 8 years of follow-up

Nested case-control study of COPDGene study

45-80 years of age, at least 10-pack years smoking history

169 subjects diagnosed with lung cancer, average follow-up of 5.7 years

TABLE 4 | Factors Associated With a Lung Cancer Diagnosis in the Multivariable Model

Lung Cancer Diagnosis

Model 1 Model 2

Factor OR (55% (O) Piyalue OF. (S5% CT) P Walue
FEV/FVC per 10% decrease 1.28 (1.12-1.46) =< .001 -
FEV, ppd per 5% decrease 1.07 (1.03-1.12) < .001
Exacerbations in year prior 1.39(1.04-1.85) .02 1.37 (1.02-1.82) .03

to enrollment per event

increase (0, 1, and = 2)
Visual emphysema: none-trace 2.31(1.41-3.76) = .001 2.64 (1.66-4.30) = .001

vs mild-advanced

Carr LL, etal. CHEST 2018; 153(6):1326-1335



Impact of COPD on lung cancer treatment and survival

» ICES-derived COPD cohort (2002 to 2014)
 In total 105,304 subjects with lung cancer, 43,375 (41%) had stage data & 36,738 (34.9%) had COPD

Table 2. Management and outcomes of stage 1/IT patients.

Characteristic No COPD on Day Lung CA diagnosed COPD on Day Lung CA diagnosed P value
(N = 6990) (N =5071)
Orverall Survival N (%) Deaths 2629 (37.6) 2405 (47 4) <0001

Median (95% CI) Mon
RECEIsIE Overall survival was worse among those with COPD 1

Table 3. Management and outcomes of stage ITI/TV patie . HR 120, 95% CI 119'122
Characteristic Mo COPD on Day Lung CA diagnosed COPD on Day Lung CA diagnosed P value
(M= 19392 (M= 11922)
COrverall Survival M (%) Deaths 17X22 (BR.8) 10779 (90.4) = 0.001
Median (95% CI) Months 5.3 (5.2 55) 43(4.1,4.5)
1-wyear (95% CI) 05 29 8% (291, 30.4) 26.3% (25.5,27.1)
= In Stage l/ll Lung cancer = |n stage llI/IV Lung cancer
v’ Less surgery : 56.8 vs 65.9% v less CTx : 55.9 vs 64.4%
v' Less adj CTx:15.4vs 17.1% v' Less Radiation : 42.5 vs 47.5%
v" More Radiation : 26.0 vs 21.8%

p for all <0.001

Goffin JR et al. PLoS One. 2021;16(5):e0251886.



Impact of emphysema on lung cancer survival

1.00- L L i b e cn asmt

Table 3—Adjusted Hazard for Lung Cancer Deaths Rﬁ%
'+ﬁ—+OIA ll“. 1a |ﬂ

and Lung Cancer Deaths According to the Extent

of Emphysema
Variables in the Model HR  95% CI —_— No emphysema W
— ~——— Mild emphysema
Emphysema alone 2.3 1.6-3.4 = —— Moderate emphysema
Adjusted for: 2 —— Severe emphysema
Age 21 1532 5
Age and pack-y 1.5 1.2-2.7
Age, pack-y, and smoking status 1.7 1.1-25 e
.-if_-L-chc]ing to extent i}f{*n]ph}'sf*luu
Mild 1.4 0.9-2.3
Moderate 1.8 0.9-3.4 Log-Rank Test: p<0.0001
Marked 3.2 1.5-6.7
Age 1.1 1.0-1.1
Pack-y 1.0y 1.0-1.0 0.857
Current smoker or quit within 4 y 24 1.5-4.0 0 42 2 36 48 60 72 B4 96
Former smokers who quit 5-10 y prior to study 1.3 0.6-2.7 Time (month)

See Table 2 for EXxpansion of abbreviation. FIGURE 2. Kaplan-Meier curves showing an increase in lung cancer-specific mortality for subjects with

emphysema on CT scans. A, Compared with those without emphysema. B, As the extent of emphysema
increases.

> Visual assessment of emphysema on CT scan is a significant predictor of

death from lung cancer
Zulueta JJ et al. CHEST 2012; 141(5):1216-1223



Content

» Extrapulmonary outcomes

v Clinical significance
v



Interrelationships between COPD, comorbidities, and
systemic outcome

Comorbidities

Extra-pulmonary or non-pulmonary manifestations

« Extra-pulmonary complications Systemic consequences Comorbidities
« Systemic consequences of COPD SR lnganer WD
Pulmonary hypertension 1 Depress He"":"l”':
J=HIl ypertension

Autonomic dysfunction Angemia

Systemic consequence Oseoporasi Diabees
or outcome /

Systemic inflammation

Association Contribution
Spill over I l
e
| W

Cause

v

COPD

Comorbidity Local inflammation

Oxidative stress ~ /

| ;/
« Complicates the management of COPD R/ &7, '
* Increases morbidity and mortality of COPD

DD Sin et al. Eur Respir J 2006; 28: 1245-1257
Rabinovich RA. Br J Hosp Med. 2011 Mar;72(3):137-45.



Link between COPD and systemic manifestations

* Nor clearly understood, multifactorial

« Systemic inflammation

* Inactivity / deconditioning

* Hypoxemia, hypercapnia

» Malnutrition, electrolyte/fluid imbalance

« Endocrine disturbances: low testosterone, low IGF-1, GH resistance
» Suppression of erythropoiesis

» Risk factors for COPD : smoking, genetic pre-disposition

+ Side-effects of treatments for COPD : steroids either inhaled or systemic, bronchodilators

Decramer M, et al. COPD. 2008;5(4):235-56.



Meta-analysis of 11 studies

Prev al ence (47,695,183 COPD vs 47,924,876 non-COPD control)

coPD Controls Odds Ratio Odds Ratio
_ Study or Subgroup Events  Total Events  Total Weight M-H, Random,95% Cl M-H, Random, 95% CI
1.1.1 Cardiovascular comorbidities
Chen 2015 CAD 8923 58706 4573 58448 6.2% 211203, 2.19) »
Craig 2008 Any HD 861 21525 1037 51861 6.1% 2.04 [1.86, 2.24) "
Holguin 2009 CHF 4740470 47404700 1896188 47404700 6.2% 267 [2.66, 2.67] .
Holguin 2009 IHD 7110705 47404700 4740470 47404700 6.2% 1.58 [1.59, 1.59] L
Hung 2008 Any HD 178 492 534 3658 57% 323263, 3.97) >
Jo2015CAD 2 744 73 3313 42% 135[083, 2.19] ST —
Lahousse 2015 CAD 60 1615 367 11856 54% 1.21 (091, 1.60] Y
. vess Lahousse 2015 Heart failure 52 1615 235 11856 52% 165(1.21,2.23) ———
Prevalence of comorbidities Lahousse 2015 Ml 118 1615 581 11856 57% 1.53 [1.25, 1.88) o o
Liao 2015 CAD 1627 8640 1703 17280 6.1% 212[1.97,2.28) -
50 Liao WC 2016 CAD 8278 20492 9130 40765 6.2% 235 (226, 2.44) -
Lopez Varela 2013 Any CVD 315 759 1767 4555  5.9% 1.12(0.96, 1.31) -
Lopez Varela 2013 Any HD 104 759 579 4555  56% 1.09 [0.87, 1.36] o Lo
s 2016 Atrial fibri. 6618 103419 3205 103419  62% 2.14 (205, 2.23) i
Soderholm 2016 Heart fallure 11272 103419 2999 103419  6.2% 4.10(3.93,4.27) v
Soderholm 2016 IHD 14479 103419 7963 103418 6.2% 1.85[1.90, 2.01] .
van Manen 2001 Any HD 38 290 45 421 44% 1.26 (0,80, 2.00] e e—
van Manen 2001 Atherosd. 16 290 7 21 24% 3.45 [1.40, 8.50)
Subtotal (95% CI) 95237199 95340502 100.0% 1.90 [1.59, 2.28) >
Total events 11904123 6671456
Heterogeneity: Tau® = 0.13; Chi* = 228864.93, df = 17 (P < 0.00001); I* = 100%
\.2 Test for overall effect: Z = 7.09 (P < 0.00001)
)
[:}] 1.1.2 Cerebrovascular comorbidities
Q Chen 2015 Stroke 3285 58706 1424 58448 16.3% 237 (223,253 -
c Craig 2008 Stroke 3014 21525 5705 51861 16.4% 1.32[1.26, 1.38] .
Q2 Hung 2009 Stroke 41 492 102 3658 11.2% 317 [2.18, 4.61] .
m Jo 2015 Stroke 20 744 63 3313 8.9% 143086, 2.37) ) i
> Liao 2015 Stroke 1414 8640 1261 17280 16.1% 249229, 2.70] -
E Liao WC 2015 Stroke 5059 20492 6677 40765 16.4% 167 [1.61, 1.74] .
o Lopez Varela 2013 CVA 24 759 26 4555 9.8% 152 (0.96, 2.39) ] T
van Manen 2001 Stroke 9 290 15 21 49% 0.87 (0.37, 2.01) S —
s I (95% CI) 111648 180301 100.0% 1.84 [1.47, 2.31) £
Total events 12886 15343

Heterogeneity: Tau® = 0.08; Chi* = 316.74, df = 7 (P < 0.00001), ¥ = 88%
Test for overall effect: Z = 5.36 (P < 0.00001)

1.2.1 Hypertension
Chen 2015 18946 58706 12735 58448 104% 1.71[1.67,1.76) .
Craig 2008 13130 21525 20042 51861 10.3% 1.23(1.19,1.27) .
I I Holguin 2009 8058799 47404700 6162611 47404700 10.5% 1.37[1.37,1.37) .
] Hung 2000 263 4w 1507 3658 78%  154[128,187) —
2 - Q\b s @ - & > e e o 3 cf} - & & Jo 2015 418 744 1426 3313 83% 1.70[1.45, 1.89) 8
3 . -& 5) o = 3 Lahousse 2015 741 1615 5344 11856 9.4% 1.03[0.93, 1.15) r
&‘Q & é < ﬁe&qﬁe dﬁﬁx K @6 éoé@,da"ﬁé-@e' (,P@rp\'? ¥ & fg é,f‘" g,ﬁ ‘5?3 & o & T é?g ﬁ%@gx& ¢ Liao2015 4005 8640 6423 17280 10.2% 1,52 [1.45, 1.60] -
SR T P F @‘f“ 6@'@’ NN & & F & & Liao WC 2015 12813 20492 19105 40765 103%  1.89[1.83,1.96] .
'Iaqé *ﬁq WO F ‘?f 2@ NS @*@ O & & P é\‘b ) & o Lopez Varela 2013 282 750 1549 4555 8.3% 1.15 [0.98, 1.35) ~—
& O & & S - é@° N & Soderhoim 2016 8618 103419 3826 103419 103% 178[1.71, 1.85] .
© & @ @5}6 & & & van Manen 2001 65 200 87 21 44% 1.11[0.77, 1.59] e
f %g} g & o Subtotal (95% CI) 47621382 47700276 100.0% 1.45[1.31, 1.61] *
¢ Pos < Total events 8116175 6243745
Helerogeneity: Tau* = 0.03; Chi = 870.35, df = 10 (P < 0.00001); I* = 99%
&a&bf Test for overall effect: Z = 7.26 (P < 0.00001)
< 01 02 5 10

05 2
Nan-COPD  GOPD

Smith MC, Wrobel JP. International Journal of COPD 2014:9 871-888
Yin HL et al. Medicine. 2017;95(19):e6836.



Impact of comorbidities on mortality

+ 1,664 COPD patients, mean 6 comorbidities

Comorbidome
OSA .
CVA
0
Pulmonary
HTN/’RHF

Pulmonif ibrosis

Diabetes‘ /

BPH

\

Erectile ’ Q
Dysfunctio CRF

o ‘

/ CHF

Lung
Cancer
Amuet & A. Flbnllau

" Death
Breast Cancer* u

hsophagcal
° Pancreatic ~ Cancer
: .., Cancer %
Diabetes w/ Tiver °
\ Neuropathy Cirthoss
Gastric Substance

\ DuL)dcnal / Abuse
”

\ Ulcer
—_— ‘D
epression

GERD

yperlipidemia

Hypertension

S5

Prevalence

Ol 0%

Risk

l 1/HR=0.5 |

Lung cancer

Impact on the mortality risk

Heart failure Pulmonary
Ischemic _hypertension

heart disease

HR1.3-1.9

HR1.27-14
HR 1.59 Atrial fibrillation/
_flutter

HR 127 -15

\HR 137

. HR 1.51
HR1 4-24
Lung fibrosis HR 1.56

\ Diabetes
HR 1.54 - 1.7
HR 1.68
HR 1.32 HR 13.76
Liver cirrhosis Anxiety

Gastric/
duodenal ulcers

Divo M et al. Am J Respir Crit Care Med. 2012;186(2):155-61.
Smith MC, Wrobel JP. International Journal of COPD 2014:9 871-888



Content

» Extrapulmonary outcomes
v
v Cardiovascular disease
v' Pulmonary hypertension
v’ Sarcopenia
v' Depression & anxiety



Cardiovascular disease and COPD

CVD categories
Unspecified VD
Ischaemic heart disease
Coronary heart disease
Myocardial infarction
Angina pectoris
Cardiac dysrhythmia
Cerebrovascular disease
Heart failure
Diseases of pulmonary circulation

Diseases of the arteries

2.46
228
1.86
271
816
1.94
132
2.57
514
235

f

+

Exacerbations
Hy perinflation
Hypmtaemia

Systemic inflammation
Arterial stiffness
Exercise intolerance
Deconditioning

T

T T T
2 3 4 5 6 7 a8 9 10 11 1z 13 14 15 16

Weighted-pooled summary estimates of odds ratios

Potential interactions

Exercise intolerance
Dyspnoea
Systemic inflammation

Shared risk factors
le.g. smoking]

CV risk/disease

Meta-analysis of 27 studies

Cardiovascular risk factors

Diabetes 136 -
Hypertension 1.33 -+
Dyslipidaemia 1.03 -+
Obesity 1.40 .
Ever smoked 4.25 i e
T I T T T T T
1] 1 2 3 4 5 6
Weighted-pooled summary estimates of odds ratios
Risk of mortality : inter-relation
HR1.3-19 HR 1.37#
IHD

AF/flutter
y -

COPD

Chen W et al. Lancet Respir Med 2015; 3: 631-39
Fabe KF et al. Eur Respir Rev 2018; 27: 180057



B-receptor on cardiovascular and respiratory system

Effect of B-agonists | v* Increased inotropy and v Bronchodilation
chronotropy v" Vasodilation
Effect of B-blockers | v© Reduction in HR, contractility v Risk of bronchoconstriction
and Cardiac output v Risk of vasoconstriction or
v' Beneficial in heart disease worsening of ischemia
(heart failure, ischemic heart
disease)

Concerns about B-blocker use in COPD

Selective B-blockers  Non-selective B-blockers

Leg blood vessels

v' Atenolol v" Propranolol
v' Metoprolol v" Nadolol

v' Carvedilol v Sotalol

v" Nebivolol

Baker JG, Wilcox RG. Thorax 2017;72:271-276.



B-blocker in patients with COPD and CVD

Meta-analysis of 49 studies
Effect of BB on outcomes in patietns with COPD with CVD

_ Samples Number of

Te NEW ENGLAND JOURNALof MEDICINE

Comparison Patients 1.5 HR [95% CI|

0.77 [0.67, 0.89]
0.72 [0.56, 0.94]

Beta-Blockers for COPD Exacerbations TR

MULTICENTER, RANDOMIZED, DOUBLE-BLIND TRIAL + 1.00 [0.91, 1.10]
- 0.83 [0.56, 1.23]

0.67 [0.46, 0.99]
0.69 [0.58, 0.81]
0.60 [0.48, 0.76]
0.72 [0.58, 0.91]
0.62 [0.53, 0.74]
0.87 [0.82, 0.91]

—_— I
|
—p— |
|
|

Adjusted dose

Metoprolol Placebo

—_—_—mmm

—_-—

——
—fnn

(N = 268) (N =264)

7
I

-10 -5 0 MD [95% CI]

Median tilh N\ T\
first exacerbation 202 Days 222 Days — 7.87 [-11.12, -4.62]
of COPD

studies, COPD with and without CVD

5 associated with an overall reduced risk of AECOPD
/ (HR 0.77, 95% CI1 0.70-0.85)
wnvas associated with a relative reduction in FEV1 versus

HR, 1.05; 95% CI, 0.84-1.32; P=0.66

Metoprolol use was associated with a higher risk of severe exacerbation

Yang YL et al. European Heart Journal (2020) 41, 4415-4422

M.T. Dransfield et al. 10.1056/NEJMoal908142 Copyright © 2019 Massachusetts Medical Society Gulea et al. Respir Res (2021) 22:64
Mart TD et al. N Engl J Med 2019; 381:2304-2314



Impact of COPD treatment on CVD

LABA LAMA

= Stimulation of sympathetic drive = Inhibition of parasympathetic drive
=> Arrhythmogenic

= |ncrease heart rate

= Reduce K concentration
» UPLIFT study (n=5993)

v' Cardiac mortality, HR = 0.86 (95% ClI, 0.75-0.99)

= risk of CVD and arrhythmias

» SUMMIT study (n=23,835)
% Improve hyperinflation

v' Cardiac event 17% in placebo, 18% in FF/vilanterol, 17% in FF, . _ e o e et 200o 80
17% in Vilanterol group K lmprove vascular stiffness P Respir Med 2007;101:2017-24.

Chest 2014;146:1521-30.

» Precipitating atherogenesis vs recovery of vascular endothelium
and occlusion

% Improve dyspnea and oxygen delivery

Lancet 2016;387:1817-26.

< RV com p|ian ce Int J Chron Obstruct Pulmon Dis 2015;10:1917-23.

Thorax 2010;65:588-93.

v Caution for arrhythmias is needed for high dose theophylline » TORCH study (n=6184)

(serum concentration >30mg/L) , However, daily dose of _ o o
400mg reached serum concentration around <15 pg/ml and v' Cardiovascular event 24.2% in placebo, 22.7% in salmeterol,

didn’t related to cardiac adverse events CHEST 1990:98(3):672-5. 24.3% in FP, 20.8% in FP/Salmeterol group

Resp Med 2004;98(10):1016-24. Thorax 2010;65:719-25




Pulmonary hypertension (PH) in COPD

PH due to COPD

COPD

COPD & PAH coexist

= Prevalence of COPD-PH

v’ Severity of the disease

v" Definition of PH

v" Method of diagnostic assessment.

» GOLD stage IV : 90% have mPAP >20 mmHg
» 1-5% of COPD have mPAP >35-40mmHg at rest

Chaouat A et al. Am J Respir Crit Care Med 2005; 172: 189-194.
Blanco | et al. Int J Chron Obstruct Pulmon Dis. 2020;15:1315-1324.



Impact of COPD-PH on exacerbation

COPDGene study
PA:A> 1 (n=819) vs PA:A <1 (n=2,645)

60
[ Baseline [l Longitudinal follow-up

504

404
Table 2. Factors Independently Associated with Exacerbations at Enrollment
and Follow-up.*

30+
Odds Ratio
Time Period and Factor [95% Cl) PValue 20
History of severe exacerbations at enrollment
PA:A ratio=1 4.73 (3.43-6.65) <0.001 10
Severe exacerbations during longitudinal follow-up
PAA ratio=1 3.44 (2.78-4.25) <=0.001 0

All exacerbations during longitudinal follow-up <06 0.6-07 0.7-0.8 0.8-09 09-1.0 1.0-1.1 1.1-1.2 =12
PA:A ratio=1 1.86 {1_54—2.24} =0.001
PA:A Ratio

Severe Exacerbations (%)

» Pulmonary artery enlargement (PA:A ratio of >1) was associated with severe exacerbation of COPD

Wells JM et al. N Engl J Med. 2012;367(10):913-21.



Impact of COPD-PH on exercise function

« 362 COPD patients referred for lung transplantation
 Definition of PH by cardiac catheterization : mPAP >25 mmHg & PAOP <16mmHg
* Prevalence of PH : 23%

§ 375 Yy Higher mPAP was associated with
g 01 T 1 v Lower FVC & FEV1
325 - T .
':—;U T v' Higher Pco2, lower Po2
@ 300 - .
R ! * ! v' More Rt heart dysfunction
28 275 ¢
£~ 250 - 1 il
o 225 - - ¥ Higher mPAP was associated with shorter 6MWD
Q@
s 200 1 : -11 m for every 5 mmHg rise in mPAP
©
< I ' ' ' ' ' (95% Cl, -21 to -0.7; p=0.04)
1 2 3 4 5

Mean pulmonary artery pressure quintile

Sims MW et al. CHEST 2009; 136:412-419



Impact of COPD-PH on mortality

998 COPD patients with chronic respiratory failure underwent Rt heart catheterization

27 had Ppa = 40 mmHg : 11 attributed to COPD after exclusion of other cause of PH

100 —+—-
Dependent Independent 9 1 Ppa < 20 mm Hg
Variable Variable n Coefficient p g 80 1 - I
=z L—m
Ppa VC 30 ~0.344 = 0.063 g 60 o
FEV, 30 —0.469 = 0.009 $ teee I
FEV,/VC 30 ~0.236 = 0.210 2 40 . L~ Ppaz 20 mm Hg NS
DL, 22 —0.228 = 0.306 g : Land<dommHg
ES 29 0.175 = 0.365 E 20 " paz 40 mm g P<0.01
Pag, 30 —0.655 < 0.001 & meenememmeee—
Paco, 30 0.487 ~ 0.006 0 e I S
ES DL, 22 —0.727 < 0.001
Definition of abbreviations: DL-o = diffusing capacity for carbon monoxide; ES = _ Time (months)
emphysema score; Ppa = pulmonary artery mean pressure; Qg = right-to-left SUbI?CtS at
shunt; TLC = total lung capacity. risk ! ’ E ! ! ! ! 1 ! 1 |

n 41 32 25 18 14 11 8 4 3 2 1

Chaouat A et al. Am J Respir Crit Care Med 2005; 172: 189-194.



PAH targeted therapy in COPD-PH

Worsen VQ matching

o _ by pulmonary
Are medications designed vasodilation ?

to treat iPAH capable of
improving hemodynamics
in PH-COPD ?




A S-yrsurvival of IPAH and PH-COPD

Survival (%)

Effect of PAH-targeted therapy on COPD-PH

100 -
80 -
60 -
P <.001 T %
1N
‘h—.__h|.+
by
40 ey
20 -
0 -
T T T T T T
0 1 2 3 4 5

Duration since PH diagnosis (years)

No. at risk:

—410 307 232 156 117 68
352 266 190 128 88 68
‘ _MIPAH _1 COPD ‘
[ |

Survival (%)

Total
100 4
80
604 P =.001
40 A
20 A
0 .
0 1 2 3 4 5
Duration since treatment response (years)
No. at risk:
— 115 98 81 60 44 32
— 126 98 57 37 24 16

‘ Treatment response _r1noresponse I response ‘

Survival (%)

100 Severe PH

80
604 P <.001

40 4

204

0 1 2 3 4 5
Duration since treatment response (years)
No. at risk:
— 103 87 73 54 40 29
— 97 73 42 27 17 1

‘ Treatment response _1no response _I 1 response ‘

Survival (%)

100 4 moderate PH

80

60

40

20

0 1 2 3 4 5
Duration since treatment response (years)
No. at risk:

— 12 11 8 6 4 3
— 29 25 15 10 7 5

‘ Treatment response _r1no response _I1 response

Comparative, Prospective Registry of Newly Initiated Therapies for Pulmonary Hypertension (COMPERA)

v PH-COPD group was functionally more impaired and had a poorer outcome than IPAH group

v Risk factors for poor outcome in PH-COPD

- male sex (RR 1.54), low 6MWD (per 10m, RR 0.97), and high PVR (per 1 Wood unit, RR 1.06)
v" Responder (improvement in 6MWD by = 30m or WHO FC) - better outcomes

Vizza CD et al. Chest. 2021;160(2):678-689.



Safety of PAH-targeted therapy on COPD-PH

Pulmonary artery pressure (mmHg)

60 -
2.5=-
T . After nifedipine
2.0
40 ” N *
L 3 1.5+ T T
>
L 10-
204 L
0.5=
1 1 i i
On admission  1month after treatment On admission 1month after treatment
. . _ )1 1 10 100
@ Group A Bosentan + sildenafil (n=50) 1Q ratio
3 Group B Bosentan + iloprost (n=40) Barbera JA, Blanco I. Drugs. 2009;69(9):1153-71.
D 100 - o
oy LEnceP99Y6:347(8999):436-40, Am J Respir Crit Care Med 1997:156:800-6, Thorax 1997:52(2):120-4.
80 - —= _
= T S 604 T . o2
T T . -
£ 60~ = 75.
E £ 40-
N 40- o]
g Q s
% 20- a. 204 h
on Dis. 2017;12:3353-3360.
0= | T 0 T T
On admission 1month after treatment On admission  1month after treatment

LiY etal. Am J Transl Res 2021;13(10):11522-11530.



Recommendation for PH-COPD for better outcome

* Long-term oxygen therapy
v" Indication : PaO2 55-60 mmHg, or SaO2 of 88%, evidence of PH, CHF, polycythemia

> In stabilized hypoxemic COPD patients, LTOT for
« 15 h/day: prevents the progressive increase of PAP
« >18 h/day: slight decrease of PAP

« LTOT is the most appropriate treatment for PH-COPD associated with respiratory failure, although it has little
impact on pulmonary hemodynamics and does not reverse the pathological lesions of the pulmonary circulation.

= Exercise rehabilitation

* Improve exercise capacity, irrespective if patients received sildenafil or placebo

= Transplantation

GOLD 2021
Long-term Oxygen Treatment Trial Research Group. N Engl J med. 2016;375(17):1617-1627.
Grunig E et al. Eur Respir J. 2019;53(2):1800332.



Morphological and structural alteration in limb muscle of COPD

= Prevalence : higher than general population, 15% to 55%

Quadriceps
Strength (kg)

100 -

» Suggested mechanism of sarcopenia in COPD

v' Effect of tobacco

80 |
60 |
40 |
20
0

S — ——
Normal COPD Normal COPD

-
=

Malnutrition Maltais F et al. Am J Respir Crit Care Med. 2014;189(9):e15-62.
Jones SE et al. Thorax. 2015;70(3):213-8.

v’ Disuse, inactivity
WEAKNESS h . .
@l 'S v" Poor peripheral oxygenation
MITOCHONDRIAL SHIFTIN . S s v" Inflammation triggering of the muscle proteolysis
.. DYSFUNCTION FIBER-TYPE N ¥
POOR L d? v’ Oxidative stress
< (g OXIDATIVE /
— Rl MY Y ) v' Hypercapnia
60 10 \,
N N v' Diminished effect of anabolic hormones (GH, T)
EENERE v Corticosteroids
20 ; 2 !
0 /
v

i .. Clin Pulm Med 2007;14(3):117-26
Vit D deﬂClency Am J Respir Crit Care Med 2010;182(4):477-88
Am J Respir Crit Care Med 2015;191(6):620-625

Thorax 2011; 66(11): 961-969



Impact of sarcopenia in COPD

Any Event at Any Event during Any Severe
Baseline Follow-Up Event during
(Rate Ratio) (Rate Ratio) Follow-Up . .
(Rate Ratio) COPDGene cohort with handgrip strength (n=272)
-  HGS showed correlation with body composition
Hantgjgrip strent?th (per 1 kg 1.05 (1.01-1.08) 1.04 (1.01-1.07) 1.06 (1.01-1.12) markers on chest CT
ecremen . . .

Lung function - Lower the HGS, higher the exacerbation risk

FEV,;% predicted 0.99 (0.98-1.00) 0.99 (0.98-1.01) 0.99 (0.98-1.01)

Chronic bronchitis 1.33 (0.80-2.20) 0.82 (0.48-1.40) 0.58 (0.22-1.50)

Exacerbations at baseline MN/A 1.18 (1.00-1.38) 1.29 (1.01-1.65)

. Fl:rFL'l:;hcrﬁiteria2 mf“peroentileincfkgs TABLE 2. MORTALITY RISK ASSOCIATED WITH

607 N1 FEMIte ki Nt FEMI<17.05 k) LOW FAT-FREE MASS INDEX AND LOW BODY MASS INDEX
M Low FFMIT Low BME
# 40
S a0 All subjects with COPD
El Overall mortality 1.5 (1.2-1.8) 1.8 (1.3-2.7)
g 7 COPD mortality 2.4 (1.4-4.1) 3.2 (1.5-7.0)

10 1 Subjects with normal BMI*

q B Owerall mortality 1.3 (1.1-1.7) —
0 12 384 o1z 384 COPD mortality 2.0 (0.9-4.5) —
GOLD Stage

COPD in Copenhagen general population cohort (m=1899)
- Low FFMI in more severe COPD

_ i i i Martinez CH et al. Ann Am Thorac Soc. 2017;14(11):1638-1645.
Increased ”Sk Of mortallty In |OW FFMI group Vestbo J et al. Am J Respir Crit Care Med 2006;173(1):79-83




Impact of sarcopenia therapy on COPD

Treatment

Exercise

Supplemental
oxygen

Nutrition + exercise

Nutrition + exercise +
anabolic hormone
supplementation

Anabolic steroids

Growth hormones

Ghrelin

Myostatin inhibition

Vitamine D

Mass

Favorable

Favorable

Favorable

Favorable

Favorable

Favorable

Favorable

Favorable

Strength

Favorable

Favorable

Favorable

Favorable

Favaroble

Exercise

tolerance

Favorable

Favorable

Favorable

Favorable

Favorable

Favorable

QoL

Favorable

Favorable

Favorable

Dyspnea

Favorable

Survival

Favorable

Favorable

Background

Eur Respir J 2012; 40(2):338-44
123-125, 121, 126

Emtner M et al. Am J Respir Crit Care Med.
2003;168(9):1034-42.

Maltais F et al. Am J Respir Crit Care Med
2014,;189(9):e15-62

Creutzberg EC et al. Nutrition

2003;19:120-127

Van Wetering CR et al. J Am Med Dir Assoc 2010;11:
179-187.

Pison CM et al. Thorax 2011;66:953-960
Rondanelli M et al. Am J Clin Nutr. 2016;103(3):830-40

Pan L et al. PLoS One. 2014 Jan 10;9(1):e84855.
Creutzberg EC et al. Chest. 2003;124(5):1733-42

Pape GS et al. Chest. 1991 99(6):1495-500.
Maltais F et al. Am J Respir Crit Care Med. 2014 May
1;189(9):e15-62.

Passey SL et al. 2016 Oct;166:56-70.
White HK et al. J Clin Endocrinol Metab 2009;94:1198—
1206

Rolkey Ml et al. Am J Respir Crit Care Med.
2019;199(3):313-320.

Bauer JM et al. J Am Med Dir Assoc 2015;16(9):740-7



Neuromuscular electrical stimulation (NMES)

 Electrical stimulation of isolated muscle, evoking involuntary contraction
» Portable, non-invasive and Passive form of exercise training
« Add-on interventions during pulmonary rehabilitation

Table 3
Studies investigating the efficacy of neuromuscular electrical stimulation for treating muscle wasting in COPD.
Study population Training protocol Effects of NMES Reference
After AECOPD (hospitalized) 35 Hz, 1 h per day, 5 days/week for 6 weeks.  Increased MVC and 6MWD, reduced muscle protein carbonylation ~ Abdellaoui et al,, 2011
Both legs, hamstrings and quads. (and reduced myosin heavy chain carbonylation);
fiber type shift (increased Type [, decreased Type 1Ix).
During AECOPD 50 Hz, 30 min, 1x per day for 14 days. Increased quadriceps MVC in NMES treated leg Giavedoni et al., 2012
One leg only, quads and vastus medialis. (untreated leg decreased MVC)
corD 50 Hz, 30 min daily for 6 weeks. Increased 6MWD and MVC in NMES group vs placebo. Maddocks et al., 2016
Both legs, quads only. Increased quad CSA.
COPD (moderate to severe, 50 Hz, 30 min per day, 5 days per week for Increased quad strength (peak torque)and endurance Neder et al., 2002
FEV; = 50% predicted) 6 weeks. Both legs. (decreased fatigue).
Reduced dyspnea.
COPD (severe to very severe, HF-NMES (75 Hz) or LF-NMES (15 Hz), Increased quad peak torque after HF-NMES but not LF-NMES. Sillen et al., 2014
FEV, < 35% predicted) 18 min 2 x per day, 5 days per week Increased endurance (total work) in HF-NMES and LF-NMES,
for 8 weeks. but greater increase with HF-NMES.
Reduced dyspnea.
COPD (moderate to severe 50 Hz, 60 min, 2x per day, 5 days per Increased FEV; and exercise tolerance, reduced dyspnea. Vieira et al., 2014
FEV, < 40% predicted) week for 8 weeks. Both legs, quads. Increased 6 MWD.

Increased fat-free mass, muscle mass and thigh CSA.
Reduced TNFa and increase (3-endorphin levels.
COPD (severe) 50 Hz, 35 min quads, 25 min calves, Increased mid-thigh and calf muscle CSA, improved strength Vivodtzev et al., 2012
5x per week for 6 weeks. Both legs. and 6MWD (apart from 6 non-responder patients).
Downregulation of catabolic protein atrogin-1, increase in
anabolic pathway protein p70S6K.

COPD (moderate to severe, 50 Hz, up to 1 h/eg, 5x per week for No significant effect of NMES on leg muscle mass, peak torque Dal Corso et al.,, 2007
FEV, < 60% predicted, 6 weeks. Both legs, quads. and 6MWD.
except 1 patient) Significant increase in Type Il fiber CSA and a decrease in Type |

fiber CSA—no changes in relative proportion of fiber types.

Abbreviations: MVC, maximal voluntary contraction; 6MWD, 6 minute walk distance; CSA, cross-sectional area; HF-NMES, high-frequency NMES; LF-NMES, low-frequency NMES. Vanfleteren LEGW. et al Respirology 2019:2 4(9)'899-908
Passey SL et al. Pharmacol Ther. 2016 Oct;166:56-70



Depression, anxiety

= Prevalence : 19.6% in the mild to moderate group, 25% in the severe group, F > M

= Clinical importance
v Impaired QoL, reduced social interaction
v Impaired exercise capacity, increased physical disability
v’ Increased exacerbation risk
v’ Increase health care utilization rates and costs

v’ Increased mortality risk

Yohannes AM et al. Eur Respir Rev. 2014;23(133):345-9



Depression, anxiety

%
Reference Forest plot SMD (95% ClI) weight
CBT
Blumenthal®® — -0.01 (-0.37, 0.34) 13.49
Hynninen® — -0.54 (-1.10, 0.02) 5.94
Kapella® 0.10 (-0.82, 1.03) 2.26
Kunik 0! — 0.08 (-0.49, 0.65) 5.72
Kunik2 —— -0.03 (-0.38, 0.33) 13.68
S1ud\rm1 . Ima;ren:o;o " Crs‘rﬂrol - SMDQEE::rglom] weznt SME;;:rglomp Lamers'® —m | -0.29 (-0.64, 0.06) 13.93
Of sub-catagory an (SD) #an (S0) ; Livermore™® e -0.63(-1.25,000) 477
Alexopoulos® —— -0.49 (-0.86, -0.13) 12.75
01 Comprehensive rehab versus standard care
Emarypmsa 25 -5. 25 -3.10(8.02) —r 30.73 0.29 [-0.85, 0.27] Jang® * 7042(-082,-001) "10.79
Griffiths 2000 a3 -1. a1 0.40(3.98) - 15.56 0.54 [-0.84, -0.25 Walters®? — -0.28 (-0.60, 0.03) 16.67
Guell 2006 18 -0 17 0.30(0.66) —.— 2. -1.10 [-1.B2, -0.39] Subtotal (F=9.7%, P=0.353) <5 -0.26 (-0.40, -0.12)  100.00
Suibtatal {95% CI) 136 133 & 100.C 0.58 [-0.93, -0.2
Tast for heteroganeity: Chi® = 3.1, df = 2 (P= .21), I = 35.7% Self-management education
Tast for overall effect: Z = 3.24 (P = .001) Bucknall®” —— -0.00 (-0.29, 0.28) 34.72
- Emery®» — & -0.28 (-0.85,0.29) 868
02 Comprehensive rehabilitation versus education alone McGeoch™ —— 0.07 (-0.24, 0.39) 27.92
Ries 1995 53 -0.1¢ :1-: .0} 57 -0.40(7.30) — 37.70 0.03 [-0. Sassi-Dambron!® - ~0.18 (-0.63, 0.27) 14.01
\E.'Ir:erwssa 25 25 40 {12 48) 23 -0.30(5.55) _— 26.98 -0.76 [-1. Taylor'® R 017 (-0.26, 0.61) 14.67
ite 2002 as -0.67(2.29) 43 ~0.51{3.17) —_ 2 -0.06 [-0. Subtotal (P=0.0%, P=0.668) 100.00
Subtotal (35% CI) 123 123 - 100.00 0.21 [-0. S0, <> -0.00 (-0.17, 0.16) >
Test for heterogeneity: Chi* = 5.23, dl = 2 (P = .07), P = 61.7% . . .
Tast for overall eftect: Z = 0.97 (P = .33) Multi-component exercise training
de Blok?® ° 0.09 (-0.89, 1.07) 2.60
03 Exercise rehabiitation wersus standard care de Godoy® —_— -0.80 (-1.54, -0.05) 4.06
Cockeroft 1982 18 1.80(3.40) 16 -2.80(5.13) t 0.23 [-0.4% Effing® — 1 -0.21 (-0.55, 0.14) 10.66
Subtatal (85% CI) 18 16 23 [-0.4 Elgiez — -1.00 (-1.47,-0.53) 767
Tast for heteroganeity: not applicable Emery®s — -0.49 (-1.05, 0.07) 6.14
Tast for overall effect: Z = 0.66 (P = .51) Griffiths® — -0.79 (-1.09, -0.49) 11.81
-+ = 1) 5 W ﬁﬁe"“ . —_—— -0.18 (-0.85, 0.48) 4~26
Favors intervention  Favors control e 100 70.03(-0.10,0.65) e
Kayahan —_— -0.46 (-1.05, 0.14) 5.63
Lolak® —_—— -0.21 (-0.83, 0.41) 5.34
Ozdemir'®® — -0.68 (-1.25,-0.11)  6.02
Paz-Diaz'® - -1.17 (-2.05,-0.29) 3.1
Ries'" —— -0.11 (-0.48, 0.27) 9.81
Spencer'"! —— -0.49 (-1.06,0.09) 597
Gurgun®se g -0.19 (-1.05, 0.67) 3.24
> m h [ Im habilitati . eff . Wl * -081(-170,008) 304
Comprehensive pulmonary rehabilitation : effective Wasl — Be im0y &
Subtotal (P=34.4%, P=0.081) - -0.48 (-0.65, -0.31)  100.00
. . . Relaxation
» Cognitive behavioral therapy : effective Donesky Cuerc” — 025,098,049 4254
Lord* —_—— -0.34 (-1.09, 0.40) 41.65
Yeh'? ] 0.45 (-0.81, 1.71) 14.71
. . .. . Subtotal (1=0.0%, P=0.552) s -0.18 (-0.67,0.30)  100.00
» Multi-component exercise training : effective R
I I I I I l
. . . =2 =15 -1 -0.5 0 1 15
» Anti-depressant drugs : inconclusive

Coventry PA et al. J Psychosom Res. 2007;63(5):551-65.

Vozoris NT et al. Eur Respir J. 2018 Jul 27;52(1):1800475.
Yohannes AM et al. Drugs Aging (2014) 31:483-492

Panagioti M et al. Int 3 Chron Obstruct Pulmon Dis. 2014;9:1289-306.



Trends of global mortality

Leading causes of death globally
The top 10 causes of death from WHO

2000 2019

1. Ischaemic heart disease

2. Stroke

3. Chronic obstructive pulmonary disease

4. Lower respiratory infections
5. Neonatal conditions
® O
6. Trachea, bronchus, lung cancers

7. Alzheimer’s disease and other dementias

8. Diarrhoeal diseases

9. Diabetes mellitus

@
10. Kidney diseases

@
0 2 4 6 8

Number of deaths (in millions)

® Noncommunicable @ Communicable @ Injuries



Mortality risk of COPD and reduced lung function

Table 2

Associations between chronic obstructive pulmonary diseases and natural-cause mortality.
COPD No. of deaths Model 1° Model 27 Mode 3

(Mortality rate®) Hazard ratio (95%CI) P Hazard ratio (95%CI) r Hazard ratio (95%CI) P

COPD classifications *
Normal 12,083 (3.0) Reference Reference Reference
Restricted 12,944 (7.5) 1.63 (1.59, 1.68) <0.001 1.32 (1.29, 1.36) <0.00] 1.31 (1.27, 1.35) < 0,001
GOLD 1 180 (8.9) 1.53 (1.30, 1.50) <0.001 1.18 (1.00, 1.39) 0.045 1.18 (1.00, 1.39) 0.045
GOLD 11 1,534 (11.0) 2.09 (1.98, 2.22) <0.001 1.44 (1.36, 1.53) <0.001 1.43 (1.35, 1.51) <0.001
GOLD 111 1,082 (16.6) 2.65 (2.51, 2.86) <0.001 1.81 (1.07, 1.94) <0.001 1.78 (1.66, 1.90) <0.001
GOLD IV 460 (25.0) 3.39 (3.08, 3.73) <0.001 2,19 (2.00, 2.41) =0.00] 2.13 (1.94, 2.34) <0,001
Trend test 1.28 (1.27, 1.30) <0.001 1.15 (1.14, 1.17) =0.00] 1.15 (1.14, 1.16) =0,001
Overall COPD" 3,256 (13.4) 1.74 (1.67, 1.81) <0.001 1.35 (1.29, 1.40) <0.001 1.33 (1.28, 1.39) <0.001

? Normal (FEV1/FVC = 0.7 and FVC> 80% predicted), restricted (FEV,/FVC = 0.7 and FVC< 80% predicted), GOLD I (FEV/FVC < 0.7 and FEV, > 80% predicted),
GOLD II (FEV/FVC < 0.7 and 50% < FEV <. 80% predicted), GOLD III (FEV/FVC < 0.7 and 30% < FEV; <= 50% predicted), GOLD IV (FEV1/FVC < 0.7 and FEV; <
30% predicted). Normal was the reference group.

® Overall COPD was defined by FEV/FVC =0.7, with non-COPD (FEV/FVC > 0.7) as the reference group.

® Mortality rate: per 1,000 person-years.

4 Model 1 was adjusted for age, sex and city; Model 2 was further adjusted for education, body mass index, cigarette smoking, PM, ¢, occupational exposure, and
calendar season and year; and Model 3 was further adjusted for alcohol consumption, physical activity, and vegetable and fruit intake.

Table 3

Associations berween lung function and natural-cause mortality.
Lung function Model 1* Model 2° Mode 37

Hazard ratio (95%CI) P Hazard ratio (95%CI) P Hazard ratio (95%CI} P

FVC (L) 1.88 (1.84, 1.93) 0,001 1.49 (1.45, 1.53) <0.001 1.46 (1.42, 1.50) 0,001
FEV; (L) 2,13 (2.07, 2.18) 0,001 1.60 (1.56, 1.64) <0.001 1.57 (1.53, 1.61) 0,001
MMEF (L/s) 1.36 (1.34, 1.38) 0,001 1.24 (1.22, 1.25) <0.001 1.23 (1.21, 1.24) 0,001
wPredicted FEV, (109%) 1.21 (1.20, 1.22) 0,001 1.13 (1.12, 1.14) <0.001 1.12(1.12, 1.13) 0,001

Abbreviations: FVC: forced vital capacity (L); FEV,: forced expiratory volume in 1 s (L); MMEF: maximum mid-expiratory flow (L/s); and %predicted FF\.-’]: percentage
predicted FEV, (%6).

? Model 1 was adjusted for age, sex and city; Model 2 was further adjusted for education, body mass index, cigarette smoking, PMa 5, occupational exposure, and
calendar season and year; and Model 3 was further adjusted for alcohol consumption, physical activity, and vegetable and fruit intake.

Guo G et al. Respiratory Medicine 184 (2021) 106471



Effect of emphysema on mortality

E 1.00 L + i -'-I:-H-"l“ - P —
: e =+
« Emphysema was assessed with Low-dose CT S "‘a
scan in 9,047 subjects R T

Pz HLH’—T_
» Age, pack-year, smoking status adjusted HR, 9.3 o —— No emphysema -

_ - Mild emphysema
= ---- Moderate emphysema
; — Severe emphysema
= Extent of emphysema i
v Mild (1,908, 21%) : HR 3.2 (1.2-8.3) Log-Rank Test: p<0.0001
v Moerate (512, 6%) : HR 22.3 (9.5-52.3) 0.5
v Marked (217, 2%) : HR 34.7 (13.69-86.6) Time (month)

Ficure 1. Kaplan-Meier curves showing an increase in the COPD-specific deaths for participants with
emphysema on CT scans. A, Compared with those without emphysema B, As the extent of emphysema
increases.

Zulueta JJ et al. CHEST 2012; 141(5):1216-1223



Risk of mortality depending on COPD phenotype

Copenhagen City Heart Study : respiratory and all cause mortality for 22 years

Participants Respiratory mortality All-cause mortality Survival decreaset
(n)

Events Hazard ratio pvalue Events Hazard ratio p value Survival decrease  pvalue

(n[%])  (95%CI)* ([%)  (95%C)* (95% QI
Adjusted for age and sex 8382 356 (7%) 3964 (50%)
Never-smokers without disease 2199 47 (3%)  1-00 (reference) ® 812 (41%) 1-00 (reference) [ ] 0-0 (reference)
Ever-smokers without disease 5435 172 (5%) 1.90(1-37-2-64) 0-0001 M 2598 (51%) 1-46(1-35-1.58) <0.0001 [ ] 38(3-0t04-5) <0-0001
Asthma 158 11 (B%) .59 (2-38_8.86 <0-0001 = o 60(39%) 140 (1.08-1.821 001 e al 33(1.0to55)  0-004
COPD 320 46 (35%) 1045 (6-88-15-88) |<0-0001 Y 270 (87%] 276 (2-40-3-18) | <0-0001 o | 101(8-6t011-5) fo-0001
ACO with early asthma onset 68 6(12%Y 8-17(3-49-19-15) |<0-0001 —8— 38 (57%) 2-55 (1-84-3-53) | <0-0001 -] 93(54to131) k00001
ACO with late asthma onset 202 74 (72%) 31-86 (21-94-46-28)|<0-0001 W 186 (93%] 3-72 (3-16-4-37) |<0-0001 12-8 (111 to 14-6) f<0-0001
Adjusted for age, sex, BMI, 8367 354 (6%) 3953 (50%
and FEV, % of predicted value
MNever-smokers without disease 2199 47 (3%) ! [ 812 (41% julellfzafazancal 0-0 (reference)
Ever-smokers without disease 5435 172 (5%) | 1-66(119-2-30) 0-003 E ] 2598 (51%) 1-37(1-26-1-48) |<0-0001 l: 3-0(23t03-8) |<0-0001
Asthma 143 9(7%) | 2:58(1.25-531) 0-01 e 49 (35%)f 1.05(0-79-1.41) | 073 (-1.8t027) | 067
COPD 320 46 (35%)| 3-69(2-34-5-83) | <0-0001 O 270 (87%] 175 (1-50-2-04) |<0-0001 | e 54 (39 to 6-9) |<0-0001
ACO with early asthma onset 68 6(12%)] 2-30(0-95-5-55) 0-06 - 38(57%) 144 (103-201)] 003 @~ (-0-2t07-0)| 006
ACO with late asthma onset 202 74 (72%)] 636 (3-99-10-13)| <0-0001 @+ 186 (93%] 1-81(1.50-2-17) |<0-0001 HEH 4(36t072) |<0-0001
Adjusted for age, sex, BMI, 581 124 (42%) 485 (85%
and pack-years
COPD 320 46 (35%) 1-00 (reference) 270(87%) 1-00 (reference) )_I_‘ 0-0 (reference)
ACO with early asthma onset 67 6(12%) 1-07 (0-45-2-57) 0-88 ._1_4 37 (56%) 0-99(0-69-141) 094 0-0(-3-4to0 3-4) >0-99
ACO with late asthma onset 194 72(77%) 351(238-518)  <0-0001 Y 178(92%) 139 (114-1-69) 0001 |red .26(10t042) 0002

T rr rr 1 -1 T 1711
051 2 510 5O 1 2 345 0 5 10 15
Hazard ratio Hazard ratio Time (years)

Figure 4: Risk of respiratory and all-cause mortality and survival decrease in the six subgroups defined by smoking and presence of airway disease
The x-axis is a log scale for respiratory and all-cause mortality. Percentages are Kaplan-Meier estimates. ACO=asthma-COPD overlap. BMI=body-mass index. COPD=chronic obstructive pulmonary
disease. FEV =forced expiratory volume in 1s. *Estimated with Cox regression. *Estimated with Cox regression. tBias-corrected bootstrap estimates based on Makuch-Ghali curves.

Lange P et al. Lancet Respir Med 2016; 4: 454-62



Rate of Death per 1000 Person-Years

Causes of Death in COPD

Lung Health Study, 14.5 year mortality
Of total 5,887 patients, 731 died TORCH causes of death
Of total 6,184 patients, 911 died

3.5
3.0 O Smoking cessation
O Usual care
2.5
® Respiratory
2.0 Cardiac
Cancer
1.5 m Other
Unknown
1.0
0.5
0.0 [ ] 40% of death were definitely or probably related to COPD

CHD

| | I | I I |
CVD Lung Other Respiratory Other Unknown

Cancer Cancer Disease

Cause of Death

Anthonisen NR et al. Ann Intern Med. 2005;142(4):233-9 Anthonisen NR et al. Ann Intern Med. 2005;142(4):233-9



Personalized approaches to COPD: where are we ?

»For COPD related mortality : BODE index, CODEX index

» Acute exacerbation prediction tool

» Prediction of all-cause mortality by machine learning



BODE index : prediction tool for mortality and exacerbation

Variable / point 0 1 2 3
B : BMI > 21 <21

O: FEV1 % pred = 65 50-64 36-49 <35
D: mMRC 0-1 2 3 4
E: 6MWD, m 2350  250-349 150-249 <149

Prediction of mortality Prediction of risk of exacerbation
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Mean time to the first exacerbation : 7.9, 5.7, 3.4 and 1.3 yrs for

Death from any cause : HR 1.34
Death from respiratory causes : HR 1.62

No. at Ri
BODE index 0-2, 3-4, 5-6, and 7-10

Celli BR et al. N Engl J Med 2004;350:1005-12 Marin JM et al. Respiratory Medicine (2009) 103, 373-378



CODEX index : prediction tool for mortality and readmission

Variable / point 0 1 3
C : Charlson comorbidity 0-4 5-7
index
O : FEV1 % pred 2 65 50-64 36-49 <35
D: mMRC 0-1 2 4
EX : Exacerbation 0 1-2
e 10 Mortafity 1year Combined variable 1 year
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‘“‘"'!. ..... ‘o q 1-‘---[ ’_,d'.-'l
" ‘\“ 0-4 255+ \\\ 0-4 ~
584 \ as- ot ) F
':. ‘\: .p" o e
-, 050+ '\-‘..\ g -i-;" - ..a"'r
‘_; 5 \‘. ‘\\"‘ goi- q}::‘_?;-. CEE J:l-é,'
g y L g 25 .§ \xk 25 :' 4 g _ _'
o 4 e s "\ B /A Y o
2 2 5 wl
- 1 g A « i
1'“;... g -l
| EROE GRS N e i 1o P<0.0001:H.R.:1.29:C.1.95%: 1.2-1.8 *fes = 7 = v .,. o : : . ,
0 30 60 90 & 60 120 180 240 300 360 —— o * n.'Spulﬂell:. o B
days days —4— CODEX
—0—  ADO_u
. . —{— BODEX
Survival 3 months Survival 1 year DOSE

Mortality at 3mo : HR 1.5
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Almagro P et al. CHEST 2014; 145(5):972—-980



The Acute COPD Exacerbation Prediction Tool (ACCEPT)

2746 patients in ECLIPSE

1142 patients
in MACRO

885 patients 449 patients

in STATCOPE in OPTIMAL Predictor

Intercept

927 excluded

268 lost to follow-up
P 550 non-COPD controls
109 had missing values

y

1819 met criteria
996 patients with
an exacerbation
history

Male
2476 assessed Age at baseline (per 10-year)

Current smoker * at Baseline

Oxygen therapy P last year

96 excluded Baseline FEV (% predicted)
25 lost to follow-up !n MACRO SGRQ Seore © (per 10-unit)
- & lost to follow-up in )
STATCOPE BMI (per 10—unit)
63 missing values CV-indicated statins ®
LAMA®
. LABA®
2380 met criteria cs®

1107 in MACRO .
847 in STATCOPE Random Effect Variance

426.in OPTIMAL Random Effect Covariance

Model development

Model validation

» ACCEPT showed better performance for

all exacerbations regardless of severity

compared to the predictive ability of

“previous history of exacerbation”
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Adibi A et al. Lancet Respir Med. 2020;8(10):1013-1021.



Variable

Machine learning and prediction of mortality

« Training cohort : COPDGene (n=1,974)

» Test cohort : COPDGene (n=658) & ECLIPSE (n=1,268)

6-min walk distance (ft) -
GOLD Spirometry Grade -

FEV; %predicted -

Age (y)

mMRC Dyspnea Score -
FEV4/FVC ratio

FEF25-75 in Liters

Resting Sa0;

Pack-y cigarette smoking
Exacerbation Frequency (No./y) 4
BMI (kg/m?) -

Severe Exacerbations number
PA:A Ratio

Diabetes

Pi10

FVCpp

% LAA < -950 HU A
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True positive rate

Train: 75% of COPDGene, Test: 25% of COPDGene
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False positive rate

— RSF: c-index = 0.731
—— Cox with RF variables: c-index = 0.739
- updated BODE prediction: c-index = 0.699
- ADOQ prediction: c-index = 0.697
P value (RSF vs updated BODE) = .021
P value (RSF vs ADO) = .02
P value (Cox vs updated BODE) = .0025
P value (Cox vs ADQ) = .00021

True positive rate

1.0 4

o
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1

o
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1

0.0

Train: 75% of COPDGene, Test: ECLIPSE

T
0.2 0.4

T
0.6 0.8

False positive rate

1.0

— RSF: c-index = 0.688

— Cox with RF variables: c-index = 0.702

updated BODE prediction: c-index = 0.653

------ ADO prediction: c-index = 0.651
P value (RSF vs updated BODE) < .0001
P value (RSF vs ADO) = .00034
P value (Cox vs updated BODE) < .0001
P value (Cox vs ADO) < .0001

Moll M et al. CHEST 2020; 158(3):952-964



COPDGene Mortality Risk Calculator

Six-minute walk distance (ft):
1200

FEV1 percent predicted:

Age (years):
a3

FEVAIFVC (3%):

FEF25-75 [L):
0.5
MMRC Dyspnea Score:

] 1123 |4

Resting 5a0i:

Pack-years of smoking:

Number of exacerbations in last 12 months:

E

Severe exacerbations:

Mo | Yes
Diabetes:
Mo | Yes

Without imaging variables | With imaging variables

Pulmanary Artery-to-Aorta Ratio:
0.9

Fill:

Percent Emphysema:

o B

EBased on these variables, the probability of survival at & years is

79.5%
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Motiees and Diszlai

THIS INFORMATION IS NOT INTENDED TO REFLACE CLIMICAL JUDGMENT OR GUIDE INDIVIDUAL PATIENT CARE IN ANY MANNER.

The model is available online at:

o E -

https://cdnm.shinyapps.io/cgmortalityapp/.



Summary

« COPD is a progressive and multicomponent disease

« Pulmonary and extra-pulmonary manifestations contribute to course of COPD

» The treatment of COPD is no longer focused exclusively on inhaled therapy but is taking

on multidimensional approach.



Thank you
for your attention !




